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dates (l.c.) found that zinc and aluminum possessed a similar pre-
ventive property, but were less effective than manganese. It would
appear that these elements exert their effect through binding phos-
phate in the intestine and preventing the formation of insoluble
and unabsorbable manganese phosphate. A mixture of manganese,
aluminum, and iron was shown to be entirely preventive in the
presence of limited amounts of calcium and phosphorus. From
the evidence now available it appears that deficiency of manganese is
the primary cause, but that excessive feeding of calcium and phos-
phorus aggravates the condition, and such preventive action as other
elements may afford is through their influence on the absorption or
excretion of manganese, calcium and phosphorus.
Lyons and Insko ('37) observed that eggs from hens which had
been fed a manganese-deficient diet gave a hatchability of less than 10
per cent. Those embryos which were sufficiently developed for ob-
servation before death showed without exception very short legs, but
did not develop slipped tendon. Another group fed the same ration
plus 40 p.p.m. each of manganese as sulfate, and 100 p.p.m. of iron
as ferrous ammonium sulfate, produced eggs giving good hatcha-
bility and normal chicks. Embryos which died showed normal de-
velopment of appendages and mandibles. Eggs from hens fed the
perosis-producing diet contained much less manganese than those
from hens fed the supplements named. These observations suggested
manganese deficiency as the cause of the abnormality. This was proved
to be correct by the injection of 0.03 mg. of manganese directly into
the albumen of such eggs just prior to incubation, which resulted in
an increase in hatchability and the normal development of the em-
bryos. The metatarsi, tibiae, and humeri of chicks and 20-21 day em-
bryos from the injected, eggs were 52, 44, and 40 per cent longer,
respectively, than the same bones from the eggs which were not in-
jected with manganese. The injection of a similar amount of zinc salt
into the eggs had no preventive effect on the disorder. These results
have been confirmed and extended by the studies of Gallup and
Norris ('38).
Skinner and associates ('31) found 0,038 and 0,034 mg. of man-
ganese per 100 gm. in the shaft and head, respectively, of fresh rat
bone, with only traces in the marrow. By feeding a diet high in man-
ganese they could increase the content of this element to 0.221 mg.
Gallup and Norris ('38, l.c.) found 0.060 mg. per 100 gm. of dry matter
in chick bones from a manganese-deficient diet, whereas by supple-
menting the diet with this element they raised the content in bone to
a fairly constant value of about 0.200 mg. Partial depletion of the bones
in manganese resulted in the characteristic deformities.
Lyons, Insko and Martin ('38)  studied the manganese require-